Hypothesis: Although elevations in white blood cell count (WBC) and platelet count (PC) after splenectomy for trauma constitute a physiologic event, certain WBC and PC patterns help differentiate patients with from those without sepsis.
D
URING THE last decade, nonoperative management has become the primary method of preserving the spleen. 1 Splenectomy is still required for approximately 50% of splenic injuries.
1,2 Sepsis following splenectomy is the most feared postoperative complication. [3] [4] [5] Overwhelming postsplenectomy infection is a syndrome associated with a high mortality. 6, 7 Besides prevention, the best response to postsplenectomy sepsis is early diagnosis and treatment. The white blood cell count (WBC) is an integral part of the diagnosis of sepsis. Early trends in WBC alert the physician about the possibility of sepsis and allow prompt therapeutic response.
However, the postsplenectomy diagnosis of sepsis based on WBC elevation is confounded by the fact that leukocytosis is a physiologic response to splenectomy, similar to the phenomenon of postsplenectomy platelet count (PC) elevation. [8] [9] [10] Previous reports suggest that the WBC postsplenectomy in patients with sepsis is greater and more persistent than the WBC in patients without sepsis. 3, 9, 10 However, specific values that can be used at the bedside to distinguish between a "normal" and "pathologic" WBC elevation are lacking.
We hypothesized that such cutoff values exist. Additionally, we explored the use of a single number combining information related to the WBC and PC and therefore created the PC/WBC ratio. The objective of this study was to define specific WBC and PC/WBC values that distinguish patients with sepsis from patients without sepsis, early after splenectomy for trauma. An additional objective was to define indepen dent risk factors of sepsis and design a prediction model that may help in the early identification of trauma patients at high risk for postsplenectomy sepsis.
RESULTS
A total of 118 patients were included in the study, almost equally split between the septic (58 patients) and nonseptic (60 patients) groups. The following septic complications were recorded: pneumonia (44 patients), septicemia (33), intra-abdominal abscess (21), and severe urinary tract infection (14) . These complications occurred between the 5th and 43rd postoperative days (median, 7 days). Nine patients (8%) died. In 3 (1 septic, 2 nonseptic), severe head injuries resulted in brain death. Three more patients in the septic group died of multiorgan failure. One patient from each group died of pulmonary embolism. Finally, 1 patient in the nonseptic group had a massive stroke following a non-operatively treated blunt carotid artery injury.
PATTERNS OF WBC, PC, AND PC/WBC ELEVATION
There was a clear difference between patients with and without sepsis in WBC, PC, and PC/WBC, as shown in Figures 1, 2 , and 3. In Figure 1 , the WBC curves separate early (between postoperative days 2 and 3) but become distinctly different at day 5. At and after day 5, the mean WBC values of patients with sepsis are consistently greater than 15 ϫ 10 3 /µL. In contrast, the mean WBC values of patients without sepsis, after a temporary peak on postoperative day 2, follow a mild but progressive decline until postoperative day 6 and stabilize thereafter to a value slightly greater than 10 ϫ 10 3 /µL. Similarly, in the PC/WBC curves of Figure 3 , patients with sepsis have values less than 20, whereas patients without sepsis have values consistently greater than 20 after the fourth postoperative day. The difference between WBC mean values becomes statistically significant on the fifth postoperative day, whereas the mean values of PC and PC/WBC became statistically significantly different on the second postoperative day. In general, the fifth postoperative day shows a good discriminatory ability to distinguish between patients with and without sepsis based on the WBC and PC/WBC. When the data were analyzed by type of postoperative complication, similar trends between patients with and without sepsis were observed in the subgroups. 
PATIENTS AND METHODS
The medical records and trauma registry records of all patients who underwent splenectomy for trauma at the Los Angeles County and University of Southern California Medical Center (Los Angeles) from February 1997 to May 2001 and survived for more than 5 days were reviewed. During this retrospective study, our level I trauma center was run by 7 dedicated trauma/critical care attending surgeons who provided 24-hour in-house coverage. The study patients were divided into 2 groups: septic and nonseptic. Patients with sepsis had any of the following postoperative complications: abdominal abscess, pneumonia, septicemia, and urinary tract infection. Standard Centers for Disease Control definitions were used for these complications.
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Data were collected on patient demographics, injury severity (by means of the Injury Severity Score [ISS] and the 6 Abbreviated Injury Scores [AIS]), associated injuries, morbidity, mortality, and hospital stay. Information was also collected on daily WBC, PC, and PC/WBC up to postoperative day 10. We did not collect information after day 10 because many patients were discharged, decreasing the sample size significantly. Continuous data were compared between patients with and without sepsis using the Mann-Whitney rank sum tests and categorical data using the Yates corrected 2 or 2-tailed Fisher exact tests. Continuous variables, such as age, ISS, AIS, estimated blood loss, fluid resuscitation, and blood transfusion, were converted to dichotomous variables by using clinically important cutoff points. Analysis of variance for repeated measures was used to investigate the difference between the 2 groups over time for each parameter. Compared variables with PϽ.2 in the univariate analysis were entered into stepwise logistic regression to identify independent risk factors for infection. The odds ratios (ORs) and 95% confidence intervals (CIs) of each independent risk factor were calculated. The independent risk factors were used to design a statistical model estimating the likelihood of infection according to the presence or absence of these factors. Finally, graphs were drawn, representing the daily mean values of the WBC, PC, and PC/WBC of the septic and nonseptic groups. Based on these graphs, specific values were selected to differentiate the 2 groups. A level of PϽ.05 was used to declare statistical significance for all comparisons.
RISK FACTORS FOR SEPSIS
On comparison of patients with and without sepsis, statistically significant differences were found in ISS, estimated blood loss, volume of fluid resuscitation and blood transfusion preoperatively and intraoperatively, and the incidence of pelvic and lower extremity fractures ( , where 1 is used when the condition is true and 0 when the condition is not true. The probability of sepsis based on this model is presented in Table 2 . If all 3 independent risk factors are present, the probability of sepsis is greater than 96%; if all are absent, the probability is less than 3%. The probability of sepsis is greater than 50% when any 2 of the 3 risk factors are present. In particular, when day 5 WBC is greater than WWW.ARCHSURG.COM 926 3 /µL and day 5 PC/WBC is less than 20, the probability is greater than 80%.
COMMENT
The phenomenon of temporary leukocytosis following splenectomy has been well known for many decades as a physiologic response to the removal of the spleen. 8 Ironically, leukocytosis is also a prominent finding of postoperative sepsis, a common and much feared complication of splenectomy. Therefore, confusion exists as to whether postsplenectomy leukocytosis should be considered a normal finding or a warning sign mandating treatment.
Previous reports have shown a difference in the magnitude and persistence of leukocytosis between patients with and without sepsis after splenectomy. Sekikawa and Shatney 3 found that from the 6th to the 10th postoperative day, most patients with sepsis had leukocyte counts greater than 20 ϫ 10 3 /µL vs patients without sepsis with counts less than 17ϫ10 3 /µL. Similarly, Rutherford et al 10 suggested that a leukocyte count greater than 20ϫ10 3 /µL after the 10th postoperative day should initiate a vigorous search for infection. One could argue that the significance of leukocytosis should be determined much earlier than the 10th postoperative day; by then, sepsis is usually overt and the chance for early treatment is lost.
In our study, we tried to determine the earliest postoperative day that a specific WBC predicts the development of sepsis. A WBC greater than 15ϫ 10 3 /µL at and after the fifth postoperative day emerged as a reliable predictor of sepsis. Our findings are in agreement with those of Horowitz et al, 9 who found that following posttraumatic splenectomy, 18 infected patients had a WBC greater than 16 ϫ 10 3 /µL compared with 24 noninfected patients with a WBC less than 16ϫ10 3 /µL. In addition to WBC, we also examined the PC/ WBC ratio. This is a novel method to distinguish between normal response and infection by incorporating the changes of WBC and PC. Thrombocytosis is a physiologic response to splenectomy. 12, 13 Thrombocytopenia is a physiologic response to sepsis due to increased platelet adhesiveness and consumption. 14, 15 The combination of splenectomy and sepsis may lead to a milder increase of the platelet count. The same combination leads to an augmented leukocytotic response. Therefore, we hypothesized that PC/WBC postsplenectomy may be lower in patients with sepsis than in patients without sepsis. A PC/WBC less than 20 at and after the fifth postoperative day reliably identified patients who developed sepsis; patients with a PC/WBC ratio greater than 20 usually did not have sepsis.
The stepwise logistic regression identified both the WBC and PC/WBC ratio as independent predictors of sepsis. As expected, the combination was a better predictor than either one individually. At the fifth postoperative day, if the WBC is greater than 15ϫ 10 3 /µL and the PC/ WBC ratio is less than 20, the probability of sepsis isaccording to our prediction model-greater than 80%. If both are absent, the probability is less than 15%. The addition of an ISS greater than 16 to this model improves its predictive ability. In the presence of all factors (ISS, WBC, and PC/WBC ratio), more than 96% of patients developed sepsis; in the absence of all factors, only 2.5% did so. Given that overt clinical symptoms of sepsis usually appeared after the seventh postoperative day, the WBC and PC/WBC ratio at the fifth postoperative day may function as early and useful indicators to start therapy.
Our study is limited by its retrospective design, particularly as related to the determination of the presence of sepsis and the description of its severity. To have statistically meaningful sample sizes, we lumped all infectious postoperative complications together, regardless of their type and severity. Clearly, all pneumonias are not the same. We also did not take into account the clinical history. Physicians make decisions by integrating information obtained from physical examination and laboratory and imaging tests. The WBC and PC/WBC ratio should never be viewed in isolation as the sole determinants of the presence of sepsis. Finally, information was collected only up to the 10th postoperative day. After this day, the sample size decreased dramatically because most patients without sepsis were discharged.
The purpose of the study was to identify early predictors of sepsis. We believe that by the fifth day following posttraumatic splenectomy, 2 easily derived variables, the WBC and PC/WBC ratio, may help the physician confirm the development of sepsis and the need for treatment. If the WBC is greater than 15ϫ10
Dr Velmahos: One of Dr Schecter's first questions was why was the infection rate so high. The only reason that I can think is that most of these patients did not have isolated splenic injuries. They were critically injured patients. In these patients the infection rate is expected to be very high.
How did we identify retrospectively pneumonia? A major limitation of our study relates to its retrospective design; obviously we tried to do our best to define pneumonia according to standard CDC criteria. We didn't include wound infection because we wanted to bother only with deep-seated infections that need something more than just a simple surgical maneuver for cure. In wound infections, all one needs to do most of the time is take a few staples out as opposed to pneumonia, blood sepsis, where one needs intensive treatments.
We obviously are aware of the differences and the similarities between SIRS and sepsis and we tried as best as we could to make that distinction through this retrospective study. Obviously we qualified for sepsis only when a positive blood culture was present.
Why was the blood transfusion kicked out from the stepwise regression analysis? This is just the nature of the statistical result, and I believe that in the stepwise regression you try to identify independent risk factors. It seems like a high Injury Severity Score was intimately correlated with the amount of blood transfusions and therefore the analysis kicked that factor out and left the high Injury Severity Score of more than 16 as the independent risk factor.
Drs Owings and Mayberry, you both asked about the methodology of the statistical analysis. We first proceeded to univariate analysis. We compared every possible variable that we could think of, including temperature, in the 2 groups, infected and noninfected patients by univariate analysis. Then we selected all of those variables that had a P value of less than .2 and threw these into stepwise regression analysis, which automatically selected the independent risk factors at the level of .05 P value this time.
The platelet changed? There was a question whether we could do better just by using the platelet count change rather than the ratio. We included the platelet count in our analysis but I didn't report these here in the sake of time. But the ratio was a much more accurate predictor of infection compared to the platelet count.
Finally, on the pathophysiology of platelets and sepsis, Dr Atik, I agree. Following splenectomy in the noninfected patients, the platelets increase in numbers. However, if the patient at the same time becomes infected, then platelets are consumed and don't increase as much as in noninfected patients. This is the reason why the platelet counts stay relatively low following infection.
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